This study was performed to determine the optimal reversal dosage of atipamezole on medetomidine-ketamine combination anesthesia. The subject rabbits were divided into five groups (n=5/group), and all were anesthetized with intravenous medetomidine (0.35 mg/kg) and ketamine (5 mg/kg). Atipamezole was administered intravenously 35 min after administration of the medetomidine-ketamine mixture, at doses of a quarter, a half, equal, or two times higher than the preceding medetomidine -ketamine dose according to experimental group. Heart rate (HR), mean arterial pressure (MAP), respiratory rate (RR) and rectal temperature (RT) were measured every five minutes and the mean arousal time (MAT) was also recorded. This study revealed that the optimal atipamezole dosage to achieve reversal effects is equal to or double the dose of medetomidine. At these dosages, HR and MAP significantly recovered and MAT was significantly shortened with no side effects being observed (p<0.05).
Introduction
Physical or chemical restraint of laboratory animals is often required for a variety of experimental protocols, including minor and short-term procedures [3] . Rabbits are difficult to anesthetize, and show a wide range of responses [12] . There are many anesthetic methods for rabbits that use a combination of several injection delivered drugs [4] . The xylazine-ketamine combination is an effective protocol for rabbit anesthesia [24] , due to its low cost and ease of administration [11, 15] . However, this combination has been reported to have some mortality [24] and fatal responses in spite of inducing good anesthesia in rabbits [2, 14] . Among the alpha-2 adrenoceptor agonists, medetomidine is known as a potent and selective alpha-2 adrenoceptor agonist with both sedative and analgesic effects [16] . Medetomidineketamine combination anesthesia is widely used in veterinary clinics [5, 9] and has recently been used in animal laboratories [12, 17] . This combination has proved to be a very useful chemical restraint, producing light anesthesia and good immobilization [3] . However, medetomidine may produce hypotension, bradycardia and cardiac arrhythmia in many species, especially following intravenous administration [16] . These side effects of medetomidine can be quickly reversed by atipamezole, 4-(2-ethyl-2,3-dihydro-1H-inden-2-yl)-1H-imidazole HCl, the most recent and specific alpha-2 antagonist [3, 23] . However, the suitable dosage of intravenous atipamezole for the rabbit has not been reported yet. This study was conducted to evaluate the optimal dosage of atipamezole for a fast reverse effect and minimum side effects on medetomidine-ketamine anesthesia in rabbits.
Materials and Methods

Animals
Twenty-five young adult conventional New Zealand White rabbits (Oryctolagus cunniculus) of both sexes with an average body weight of 3 kg (2.50 kg to 3.50 kg) were used in these experiments. A commercial pellet diet (Purina pellet, Purina Korea) and water were supplied ad libitum, but food was withheld for 12 h prior to each experiment. The rabbits were housed in individual stainless steel cages in a controlled environment, at temperatures of 20-25°C with a 12h light/12h dark cycle per day. The experiment adhered to the strict guidelines of the "Guide for the Care and Use of Laboratory Animals"of Seoul National University (Seoul, South Korea).
Anesthesia
Medetomidine (DOMITOR ® Orion Animal Health/ Turku, Finland), atipamezole (ANTISEDAN ® Orion Animal Health/Turku, Finland) and ketamine (KEIRAN ® Korea United Pharm/Korea) were used in this study. Normal physiological saline (DAIHAN sterile NaCl ® Daihan Pharm/Korea) was used for dilution. Heart rate (HR), mean arterial pressure (MAP), respiratory rate (RR) and rectal temperature (RT) were simultaneously recorded using an anesthetic patient monitoring system (S-5, Datex-Ohmega, Helsinki, Finland). An intravenous catheter (D&B-Cath ® , Sin Dong Bang Medial Co., Seoul, Korea) was placed into the ear vein for the administration of medetomidine, ketamine, atipamezole and maintenance fluid (normal saline 0.9%). A 22G, 4 cm needle was inserted into the femoral artery and the catheter was connected to a calibrated pressure transducer (TranStar ® Single Monitoring Kit, MX9504, A Furon Compony, Hilliard, USA) and also to the anesthetic patient monitoring system.
Experimental procedure
Each rabbit was rested for 30 min after instrumentation for stabilization. Baseline parameters were measured 5 min before the administration of anesthetics. Medetomidine was administered intravenously via the left ear vein at a dose of 0.35 mg/kg, followed by 5 mg/kg ketamine intravenously after an interval of 5 min, as previously described [8] . Pure oxygen was delivered to the animal's nose through a face mask throughout the experimental period. Thirty-five minutes after the medetomidine-ketamine administration, atipamezole was administered intravenously at doses of 0.09 mg/kg (group B, n=5), 0.18 mg/kg (group C, n=5), 0.35 mg/kg (group D, n=5) or 0.70 mg/kg (group E, n=5). These doses were a quarter, a half, equal to, and double the proceeding dose of medetomidine for groups B,C,D and E, respectively. The total volume of each atipamezole administration was adjusted to the same volume of group E. For the control (group A, n=5), an equal amount of normal saline (0.35mg/kg) was administered. Arousal times (AT) the period from the time of administration of atipamezole to the time of showing the first signs of the righting response were measured and the mean arousal time (MAT) was determined. Heart rate, MAP, respiratory rate and rectal temperature were measured for a total of 65 min (Fig. 1) .
Statistical analysis
Data were analyzed using the SPSS 10.0 analysis program. To compare the cardiopulmonary parameters between baseline and post-anesthesia in each group, Wilcoxon's signed rank test was used (p<0.05). For comparison of cardiopulmonary parameters and MAT among groups, the Kruskal-Wallis test was used (p<0.05).
Results
This study found that at dosages of 0.35 mg/kg or 0.7 mg/kg, intravenous atipamezole effectively reversed the medetomidine-ketamine combinations anesthesia in the rabbit with no apparent side effects.
Mean arousal times (MAT) were shown to be significantly dose-dependent in this study (p<0.05). While the MAT of the control group was 40.4 ± 15.2 min, those of the treated groups (group B, C, D and E) were 28.2 ± 8.8 min, 9.4 ± 1.14 min, 1.55 ± 0.94 min, and 0.68 ± 0.16 min, respectively (Fig. 1) .
Heart rate significantly decreased immediately after administration of medetomidine in all groups (p<0.05). In groups A, B and C, heart rates had still not fully recovered 20 min after administration of the saline or atipamezole. In group D and E however, there was a rapid recovery after administration of atipamezole (p<0.05, Fig. 2) .
Mean arterial pressure (MAP) was likewise significantly reduced after medetomidine administration in all groups, but was significantly raised after atipamezole administration in groups D and E (p<0.05, Fig. 3 ).
Respiratory rate was also significantly reduced after administration of medetomidine (p<0.05), but increased after administration of ketamine in all groups. In groups A and B, respiratory rates had not recovered 20 min after administration of saline or low dose of atipamezole, whereas groups C, D and E experienced significant recoveries after administration of the higher doses of atipamezole (p<0.05, Fig. 4) . Rectal temperatures in all groups gradually decreased with time (Fig. 5) .
Discussion
Various dose combinations of medetomidineketamine in rabbits and their anesthetic duration have been reported [4, 12] . Usually short-term anesthesia is needed for clinical procedures involving rabbits. It was reported that the administration of 0.35 mg/kg medetomidine (intramuscular) followed by 5 mg/kg ketamine (intravenous) provides an adequate anesthetic depth together with no side effects and zero mortality [8] . In our study 0.35 mg/kg of intravenous medetomidine induced moderate sedation, and anesthesia was satisfactorily maintained with 5 mg/kg of intravenous ketamine. All rabbits were immobilized and showed good muscle relaxation with no side effects. The administration of the antidote, atipamezole, reduced the remnant anesthetic maintenance time and avoided the side effects described before.
Atipamezole is a known potent and highly selective specific alpha-2 adrenoceptor antagonist which produces effective antagonism of anesthesia induced by medetomidine-ketamine [4, 17] .
In the present study, anesthetics were administered intravenously for rapid induction and short-term duration. Anesthesia was rapidly induced immediately after intravenous administration of ketamine. In the control group, the anesthetic state was maintained for 40.4 ± 15.2 min. In all atipamezole treated groups, MAT was significantly reduced especially in the groups treated with doses of 0.35 mg/kg and 0.7 mg/kg which showed MATs of under 2 min.
Medetomidine can induce bradycardia, brady arrhythmias, respiratory depression, and hypotension [1, 16, 19] . Bradycardia and sinus arrhythmia are related to changes in blood pressure [9] . It is possible that the central alpha-2 adrenoceptor mediated hypotension is partly counteracted by the concomitant stimulation of the peripheral vasoconstrictive postsynaptic alpha-2 adrenoceptors, which is reflected in the initial hypertension phase following drug administration [16, 19] . Atipamezole, an alpha-2 adrenergic antagonist, is able to antagonize the cardiovascular effects of the anesthetic [1, 22] .
Heart rate sharply decreases after intravenous administration of medetomidine then mildly increases after intravenous administration of ketamine [25] . In our study, it recovered 5 min after administration of atipamezole in groups C, D and E. Hypotension was observed after administration of medetomidine, and it recovered in a similar manner to the baseline value found in groups D and E. In this study, respiratory rate was lowered after the administration of medetomidine. Although the respiratory rate was mildly irregular after intravenous administration of ketamine [6, 7] , it remarkably increased after administration of atipamezole in groups D and E. Rectal temperature was continuously decreased after the intravenous administration of atipamezole in all groups. The temperature effects of medetomidineketamine anesthesia that have been reported show various responses to the administration of atipamezole [21, 26] . In this study, no relationship was found between increased rectal temperature and the administration of atipamezole.
For many species the optimal dosage of atipamezole to reverse the anesthetic effects of medetomidine has been studied and determined. In the laboratory beagle, the optimal dose of atipamezole is 4 to 10 times the proceeding dose of medetomidine [20] . For horses, atipamezole at doses 8 to 12 times larger are able to reverse the effects of medetomidine [13] . In this study using rabbits, an intravenous atipamezole dose of 1 to 2 times the preceding doses of medetomidine was found to safely reverse the anesthetic effects of intravenous medetomidine-ketamine anesthesia with no side effects. The reason different doses of atipamezole are needed among different species has not yet been determined but Jalanka reported that there might be related differences in regulatory mechanisms mediated by alpha-2 adrenoceptors [10] .
In conclusion, medetomidine-ketamine is a suitable combination for short-term procedure anesthesia in rabbits. Atipamezole has been shown to be an effective antagonist of medetomidine-ketamine combinations for clinical use in rabbits and this study determined the optimal dosage.
Mean arousal times (MAT) following the administration of atipamezole were shown to significantly decrease dose dependently (p<0.05). Heart rate and MAP both recovered effectively after administration doses equal to or double the initial dose of medetomidine (p<0.05). Thus the suitable dosage of atipamezole producing a safe and effective reversal for rabbits was determined to be 1 to 2 times higher than the administered dose of medetimidine.
